Samples of flowers of wild Lavandula stoechas L. spp. stoechas populations were collected in three areas of Sicily (Italy) and were characterized in agronomic and chemical terms. Essential oil (EO) was extracted by hydrodistillation and analyzed by GC-FID and GC-MS. GC-FID and GC-MS analyses permitted identification of 89 compounds from the EO. The samples were separated into 3 groups using PCA (Principal Component Analysis) statistical method, with reference to the chemical composition of the EO. All three Sicilian populations of lavender were identified as the fenchone chemotype with percentage content ranged between 52.8-71.1%. The population of Partinico showed the highest dry weight of flowers per plant (221.3 g), but the lowest EO yield (0.37%). The essential oils of the three wild Sicilian populations of L. stoechas L. spp. stoechas showed a greater chemical differentiation than those obtained from other Mediterranean areas.
Various studies on the chemical composition of the EO of L. stoechas L. ssp. stoechas from different Mediterranean areas (Morocco, Corsica, Greece and Turkey) highlight how the camphorfenchone chemotype is more common, although a fenchone-1,8cineol chemotype, a peculiar Turkish pulegione chemotype, and a 1,8-cineol-camphor chemotype [6, [9] [10] [11] [12] [13] [14] [15] have been reported. The quantity and quality of the EO represent important parameters in order to evaluate the aromatic plants. Several studies have demonstrated that the EO is significantly influenced by endogenous and exogenous factors, varying between the species and sometimes even within the same species [3] . Moreover, both the extraction and distillation methods and techniques, which can significantly affect the chemical composition of the EO, have not been overlooked [5, 12, [14] [15] [16] [17] [18] [19] [20] . In this research, EO was extracted from samples of wild Sicilian L. stoechas L. spp. stoechas by hydrodistillation. GC-FID and GC-MS analyses were also carried out. The aim of this study was to characterize samples of flowers of wild Sicilian L. stoechas L. spp. stoechas in chemical and agronomic terms. The relationship between the composition of the EO of wild Sicilian lavender populations and that of other populations from other Mediterranean areas was also determined [6, 15, [20] [21] [22] . The Sicilian populations of lavender were grouped using a PCA (Principal Component Analysis) statistical method with regards to the chemical composition of the EO [23] .
Samples of flowers of wild lavender were collected in the warm sub-area of the Lauretum phytoclimatic area (Partinico and Pantelleria populations) and in the middle sub-area of the Lauretum phytoclimate (Castelbuono population). The altitude of these areas varied from 150 to 600 m a.s.l. and the soils were acidic. All the samples were classified as L. stoechas L. ssp. stoechas. We indicated as LAP, LAPZ and LACB the Sicilian lavender populations of Partinico, Pantelleria and Castelbuono, respectively. The results of the main agronomic parameters that were determined in the study are reported in Table 1 . Each agronomic parameter was highly significant, except for the number of stems per plant. The three populations showed a lack of homogeneity as regard growth development. The height ranged between 103.0 cm (LACB population) and 68.8 cm (LAPZ population). The three populations showed a medium-low yield of EO compared with other studies. The LAPZ population showed a high production of dry weight (539.3 g) and an appreciable content of EO (0.5%), even though the plants of this population were found with smaller dimensions and shorter stems. The LAP population, characterized by a high production of fresh and dry weight and large inflorescences, showed the lowest yield of EO (0.4%). This highlights that the yield of EO extracted from the flowers of the Sicilian lavender populations was lower than that reported in the literature with regards to the populations of L. stoechas collected in other Mediterranean areas. Table 2 shows the location of the three Sicilian populations of L. stoechas. Eighty-nine compounds of the essential oils (EOs) were identified with GC-MS analyses. These compounds represent from 97.3 to 98.6% of the total EOs composition of the flowers of wild Sicilian lavender (Table 3 ). We observed a high variability in the chemical composition of the essential oils. The three Sicilian lavender populations were identifiable as fenchone chemotype (52.8-71.1%). Moreover, the EOs were characterized by a high variability of 1,8-cineol (0.1-12.8%) and camphor (6.6-12.1%). PCA was carried out in order to identify and define the components of the EOs. The total variance identified two components, according to the Kaiser rule (eigenvalues> 1), which represents the 100.0% of the total variance.
The obtained graph, according to the two axes of F (principal component), showed the existence of three groups (Figure 1) further subdivided on the basis of the most represented elements by F1 and F2. The most represented compounds by F1 were α-fenchene, camphor, borneol, myrtenol and bornyl acetate, positively correlated with F1, and endo-fenchol, negatively correlated with F1. F2 was mainly represented by 1,8-cineole, and negatively correlated with F2. In Figure 1 , we could clearly identify the three geographical areas of the LAP, LACB and LAPZ populations.
For the comparisons we choose the compounds > 1%. The compounds of the EOs of the Sicilian lavender populations were compared with those determined by other authors on oils extracted from flowers of L. stoechas from other Mediterranean areas. We focused on these studies because of the similar extraction techniques and plant parts of lavender (Table 4) . The three Sicilian populations of L. stoechas were characterized by a low or absent content of camphene, α-pinene (0.2-0.4%), β-pinene (0.06-0.3%) and limonene (0.04-0.2%) and high content of fenchone (52.8-71.0%) compared with the Turkish and Greek biotypes. The essential oils of LAP and LACB populations showed high content of bornyl acetate with percentages of 5.7% and 6.2%, respectively. Our study highlighted that the yield of the EOs extracted from the flowers of the Sicilian lavender populations was lower than that reported in the literature with regard to the populations of L. stoechas collected in other Mediterranean areas. It is important to note that the essential oils of the three wild Sicilian populations of L. stoechas spp. stoechas showed a greater chemical differentiation than those obtained from other Mediterranean areas.
Overall, the qualitative chemical composition of the EOs considerably differs according to the different origins of the same species, with a particular differentiation among the Italian and Turkish/Greek populations of L. stoechas, which is expressed by the characterizations of the compounds. This trend, which explains the complexity of the secondary metabolism of this species, has been confirmed by other authors who have attributed the chemo-typical variability of the EOs between different populations for both genetic and environmental factors [26] [27] [28] [29] [30] . These differences could be the result of a "terroir" effect as the expression of genetic, environmental and ecological characteristics. The ratio of these compounds extracted from the flowers of L. stoechas could be the basis for the development of markers that could identify the geographical area of origin. However, a traceability system of this type, which is useful in safeguarding biodiversity and specificity of productions related to certain territories requires further research and studies.
Experimental
Plant material: Three Sicilian sites of collection of Lavandula stoechas were identified: Castelbuono (LACB), Partinico (LAP) and Pantelleria (LAPZ). A detailed collection form was completed in order to note the date of survey, the ecological characteristics and the vegetation associations in which the species was found. For each site, six plants were collected. The plants were taxonomically characterized using some analytical keys and the comparison with the exiccata at the Herbarium of the Department of Agricultural and Forest Sciences of University of Palermo. At the time of the collection the plant height (cm) was measured. The number of stems, the stems length (cm), the inflorescence diameter (mm), the plant fresh weight (g), the plant dry weight (g) and the inflorescence dry weight (g) were determined in laboratory. The plants were collected in the third week of June. In this period, 70% of the flowers were completely open in each inflorescence. This is usually the balsamic time for L. stoechas and represents the best period for the highest accumulation of the EOs in the flowers.
Isolation, GC-FID and GC-MS analysis of the essential oil:
The flowers were air-dried (for 30 d) at r.t. in a shady place, protected from direct light. The essential oils were obtained by hydrodistillation of air dried plant material (50-100 g) for 3 h. The EOs were dried with anhydrous sodium sulfate and stored under N 2 until required. Gas chromatographic (GC) analysis utilized a Shimadzu gas chromatograph, Model 17-A equipped with a flame ionization detector (FID). Analytical conditions: SPB-5 capillary column (15 m x 0.10 mm x 0.15 m), helium as carrier gas (1 mL/min). Injection in split mode (1:200), injected volume 1 L (4% essential oil/CH 2 Cl 2 , v/v), injector and detector temperature 250 and 280°C, respectively. The oven temperature was held at 60°C for 1 min, then programmed from 60 to 280°C at 10 °C/min, then 280°C for 1 min. Percentages of compounds were determined from their peak areas. Gas-chromatography-mass spectrometry (GC-MS) was carried out in the fast mode on a Shimadzu GC-MS mod. GCMS-QP5050A, with the same analytical conditions used for GC-FID. Ionization voltage 70 eV, electron multiplier 900 V, ion source temperature 180°C. Mass spectral data were acquired in the scan mode in the m/z range 40-400. The same oil solutions (1 L) were injected in the split mode (1:96). All analyses were carried out in triplicate.
Identification of components:
The identity of components was based on their GC retention index (relative to C 9 -C 22 n-alkanes on 2004 Natural Product Communications Vol. 10 (11) 2015 Bella et al.
an SPB-5 column), computer matching of spectral MS data with those from NIST MS libraries [24] , the comparison of the fragmentation patterns with those reported in literature [25] and, whenever possible, co-injections with authentic samples. Pure standards were purchased from Aldrich Chemical Co., Extrasynthese, France, and Fluka Chemie AG, Switzerland.
Statistical analysis:
Biometric data were processed applying the analysis of the variance (MINITAB Release 17 software). The separation of the means was carried out using the Tukey's test. Principal component analysis (PCA) (SPSS version 17.0 software) was carried out in order to highlight the relationship between the three Sicilian lavender populations based on their chemical compounds. The chemical profiles of the EOs extracted from the flowers of LAP, LAPZ and LACB Sicilian populations were compared with that obtained by other authors on wild plants of the same species in Sardinia (Italy), Turkey and Greece, using similar extraction and analysis techniques.
